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The old saying that “the only thing
worse than change is sudden change” is
perhaps never more true than when ap-

plied to an institution. Bureaucracies

exist, as Yellowstone Superintendent
Bob Barbee has put it, “to police the
status quo,” not to go adventuring in
their own evolution. The science bu-
reaucracy of Yellowstone, however, has
experienced a double whammy of
change in the past year.

More than a year ago, the park staff
started deliberations that resulted in the
new and very promising Yellowstone
Center for Resources. The potential
benefits for the park’s resources, and
for science, still seem significant, if not
extraordinary. In fact, those benefits are
now appearing, as a finer system for
taking care of pressing resource issues
emerges. But changing a bureaucracy
is enormously disruptive of whalever
that bureaucracy happens to have going
atthe time. As one observer put it a few

Change

months ago, “if we were wearing mood
rings, they’d all be black.”

Then, early in 1993, the Secretary of
the Interior included himself in this pro-
cess by announcing a massive reorgani-
zation of science throughout the De-
partment of the Interior, to create a
whole new agency, the National Bio-
logical Survey. The NBS, like the Cen-
ter, sounds like a good idea to a lot of
people, and not such a good idea to
others, but in any case it’s pretty sud-
den. As the new fiscal year begins and
the new agency materializes, many
Yellowstone personnel, and thousands
of other federal employees, might con-
servatively be described as curious about
how it’s alt going to work out.

In this charged and nebulous atmo-
sphere. Yellowstone Science offers the
modest consolation of Stuff That Can
Be Quantified. It provides some inter-
esting lessons in the nature of change
too, whether sudden or gradual. '

Grant Meyer reveals yet another im-
pressive (if dismaying) way in which
the Yellowstone landscape hasrecorded
its own past for our consideration. Ri-
chard Lathrop concludes that
Yellowstone's large lakes have an ad-
mirable durability in the face of wide-
spread watershed disturbance. A Tas-
manian ecologist reminds us that what-
ever Yellowstone is up against, it’s no
worse (and maybe better) than what the
rest of the world faces. And Dennis
Knight surnmarizes dozens of recent
fire-related studies, offering hope and
enthusiasm for all we have yet to learn.
So whatever your position, if any, in
all the current turmoil (lately, my own
bewilderment has focused on just how-
long sudden change can drag on), take
heart that Yellowstone will still be there,
exercising its amazing dual capacity for
resilience and change, when we again
turn all of our attention to it.
PS
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A new twist in the saga of Soda Butte Creek

Renee Evanoff
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A Polluted Flash Flood
and Its Consequences

by Grant Meyer

Soda Butte Creek, flowing through
the spectacular scenery of northeastern
Yellowstone National Park, is a rarity
among the park's streams—it is pol-
luted. Once as productive and admired
by fishermen and naturalists as many
other park streams, the creek was con-
sidered a lost fishery by the mid-1900s,
and has only stowly and partly recov-
ered since then.

The creek has been under scientific
scrutiny in recent decades because of
pollution sources on its headwaters
outside of the park. The tailings im-
poundment associated with the McLaren
mine was located on Soda Butte Creek
near its junction with Miller Creek, just
castof Cooke City, Montana, four miles
upstream from the park bowndary. The
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mine, active from 1933 to 1953, was
primarily a gold mine, but also took
silver and copper; it was said to be the
largest gold mine in Montana at the
time. Both cyanide and arsenic were
used in the extraction of gold from the
ore.

The mine tailings have long been
identified as a source of pollution in
Soda Butte Creek, and numerous stud-
ies have been undertaken to determine
the effects on the creek’s ecology. The
Soda Butte Creek situation is often seen
as an instructive example of the com-
plexitiesof managing a wild river across
administrative boundaries when the
mandates of the managing agencies
conflict, but i1 is also instructive as a
case study of how pollution works, how

many ways its effects must be measured,
and how long such abuses may outlast
the activity that caused them.

While working on his Ph.D. research
project {(University of New Mexico), on
the subject of sedimentation caused by
forest fires, Grant Meyer conducted a
study of how the Soda Butte “alluvial
system” has been affected by major
fires and climatic changes over post-
glacial time. Incidental to that study, he
discovered that some of the McLaren
tailings had been washed down the
floodplain of the creek, greatly compli-
cating the nature of future pollution and
adding a new dimension to our under-
standing of the Soda Butte Creek prob-
lem. '

Grant’s Ph.D. research was funded
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by the National Science Foundation;
the funding of the research for the tech-
nical report upon which this article is
based was provided by the National
Park Service. Ed.

Part of my work involved mapping of
former floodplain surfaces, or terraces,
along Soda Butte Creek, as well as
delineating the present floodplain.

- During these investigations, I noticed
an unusual layer of strongly oxidized,
bright orange-red overbank sediments
at many localities along the present
floodplain; their rusty appearance con-
trasted strongly with the tan-brown color
of more typical overbank deposits.
Overbank sediments are deposited by
the slower-moving water which spreads
out over the floodplain when a stream
rises over its banks during a flood, and
are generally composed of layered sand,
silt, and clay.

The oxidized sediment layer lies ator

very near the top of overbank deposits
of the present floodplain, suggesting
that they appeared there quite recently.

Ages of trees on the present floodplain -

and on the lowest terrace above it (de-
termined from increment boring of the
trees to count rings) suggest that Soda
Butte Creek has occupied the present
floodplain level for about 150 years.
.The present floodplain is not flat and
featureless; in many places, it consists
of two or three distinct levels of {lood-
deposited bars. The oxidized sediments
are generally found above the lowest,

most frequently flooded surfaces, but

below the highest flood bars. The ages
of trees on these highest flood bars
suggest that the bars were formed by
several large floods between about 1380
and 1920. A Yellowstone Park
Superintendent’s Report documents a
flood in June of 1918, which washed out
the Lamar River Bridge, downstream of
the Soda Butte confluence. With this
background, I suspected that the or-
ange-red deposits were deposited within
the last 70 years.

Tracking the Sediments

I mapped the oxidized overbank sedi-
ments at a number of locations, ex-
tending from just below Cooke City,
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Montana, downstream more than 15
miles to the broad floodplain just up-
stream from the Soda Butte Creek foot-
bridge and gagingstation. This mapping,
however, included only readily visible
deposits; it is safe to assume that the
oxidized sediments are more widely
distributed throughout this reach, and
probably extend below this reach as
well.

The sediments occur as a discrete
stratigraphiclayer of thinly-bedded fine
sand, silt, and clay. The layeris sharply
bounded (that is, its edges are quite
clear on top and bottom) and readily
discernible where it rests on the dis-
tinctly different unoxidized overbank
sediments. The thickness of the oxi-
dized layer ranges from 14 inches (35
cm) and more in localities near Cooke
City, to 2 inches (5 cm) or less near the
Soda Butte footbridge. The thickness
of the layer generally decreases down-
stream, but thicker accumulations oc-
cur in slackwater areas on the flood-
plain.

The consistently strong oxidation and
the sharp boundaries of the oxidized
sediment layer suggested to me that the
sediments were oxidized prior to arriv-

Grant Mever

In some places, the polluted sediments
are exposed (light unvegetated area in
Sforeground) on the soil surface.

ing in their present location, and were
deposited during a single flood event. [
hypothesized that the orange-red de-
posits were created by a flood that had
carried material from the similar-ap-
pearing McLaren mine tailings just up-
stream from Cooke City.

To test my hypothesis, I collected
samples from the oxidized floodplain
sediments at five locations along Soda
Butte Creek (see map), and from the
McLaren tailings pile.
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Tailings Sediment - Soda Butte Floodplain
Elemental Concentrations
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Table showing the relative abundance of three key contaminants. Sample site locations are shown on the map on page 3.
"Background" levels of the three elements refer to naturally occurring levels in soils near the floodplain.

For geochemical comparison with
other sediments from the same area, |
took two “background samples” from
unoxidized overbank sediments on other
Soda Butte Creek terraces. These sedi-
ments were deposited hundreds to
thousands of years before modern times
and therefore are regarded as non-pol-
luted.

I also sampled from two locations in
unoxidized overbank sediments that
were deposited by smali floods within
the last several years. Although not
visibly oxidized, these sediments post-
date the time of dumping of the McLaren
tailings, and thus may contain small
quantities of tailings material. All of
these samples were analyzed for selected
major, minor, and trace element com-
position by D.L. Fey, Branch of Geo-
chemistry, U.S. Geological Survey,
Lakewood, Colorado.
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Verifying the Source

The results of the sediment and tail-
ings chemical analyses strongly sup-
ported my hypothesis of a McLaren
tailings origin for the oxidized flood-
plain sediments. According to past
analyses and my own, the McLaren
tailings have high levels of iron(11.7 to
26.1 percent), copper (841 to 12,600
parts per million, hereafter abbreviated
as ppm), lead (7! to 672 ppm) and
arsenic (35 to 97 ppm). The concentra-
tion of iron is two to five times higherin
the tailings, and two to three times higher
in the oxidized floodplain sediments,
than in the background floodplain
sediment samples.

Similarly, concentrations of copper
and lead are higher by one to three
orders of magnitude (thatis, 10to 1,000
times higher) in the tailings than in the

background samples I collected. These
elements are also 4 to 20 times more
abundant in the oxidized floodplain
sediments than in the background
samples. ‘ '

Copper leaching directly from the
MclLaren tailings pile has been previ-
ously identified as a serious detriment
to water quality in Soda Butte Creek.
Copper is particularly elevated in the
oxidized floodplain samples (310 to
1200 ppm, well in excess of the typical
rangeof | to 150 ppmin uncontaminated
surface soils of the United States).

Zinc in the tailings is about one and a
half to two times greater than in the
background samples, and all of the oxi-
dized sediment samples except those
collected at site S1 show slightly el-
evated zinc levels.

Interestingly, each of the above met-
als was also more abundant in the two
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post-tailings background samples than
in the pre-tailings background samples,
Copper and lead values were twice as
large in the post-tailings background
samples (although stiit well within the
typical range for uncontaminated soils
in the United States). These results
suggest that low-level pellution of fine
sediment continues to occur in Soda
Butte Creek through reworking of ma-
terials previously released from the
tailings pile. ,

Arsenic was measured at 47 ppm in
the tailings and was found in generally
similar concentrations in the oxidized
sediment. However, arsenic in each of
the background samples was less than
the detection limit of 10 ppm, again
suggesting that the source of arsenic in
the oxidized sediments is the McLaren
tailings. As might be expected given
their appearance, both the tailings and
the oxidized sediment were high in iron
(21 percent and 8.3 to 16 percent, re-
spectively), whereas the background
samples all contained about 5 percent
iron.

Copper, lead, and iron each declined
in concentration fairly consistently
downstream from the McLaren tailings
pile as might be expected given dilution
of the tailings sediment with
uncontaminated sediments during
downstream transport.

On the other hand, some elements in
the oxidized sediments, including cal-
cium, manganese, barium, strontium,
and nickel, tended to increase in con-
ceniration downstream. These elements
are found in much lower concentrations
* in the McLaren tailings than in the
background samples, thus the effect of
tailings pollution is to reduce their con-
centrations. After deposition, the acidic
tailings may also promote removal of
more mobile elements such as calcium
from the polluted overbank sediments.

This may explain why, inafloodplain
areaabout 1.9 miles (3 km) downstream
from Cooke City, [ observed an accu-
mulation of calcium carbonate in
unoxidized sediments a few centime-
ters below a thick deposit of the oxi-
dized sediments. Calcium dissolved
within the acidic tailings-polluted sedi-
ment was apparently moved downward
by percolating water and reprecipitated
in the sediments below.
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NPS Photo Archives

The McLaren Mine tailings site, just east of Cooke City, Montana, as it appeared
a few years prior to the flash flood that released tailings materials into the Soda

Butte Creek drainage.
Causes and Consequences

The McLaren tailings pile is the only
reasonable source for the metals-laden
oxidized sediments on the Soda Butte
Creek floodplain. The flood event de-
positing these sediments must have oc-
curred during or after dumping of the
tailings between 1933 and 1953,

Long-time Cooke City residents (in-
terviewed by local historian Ralph
Glidden in 1992} recalled a failure of
the McLaren tailings impoundmentdam
during the summer of 1950 or 1951.
They believed that the dam break oc-
curred due to a series of heavy rain-
storms and flash floods in the upper
Soda Butte basin. Possibly, failure of a
small tailings pond on Miller Creek also
added to the flood flow that breached
the dam,

Indeed, a search of National Park
Service records uncovered mention of a
major dam break and tailings spill from
the McLaren impoundment in June

1950. Although no specific date for the
dam break is given, the report states that

the break was being repaired on June
28, 1950, Given the time of year, it is
likely that snowmelt runoff also con-
tributed to the flood event.

Although studies of the water quality
degradation caused by leaching of metals
from the main tailings pile have been
conducted, the specific environmental
effects of the tailings sediments on
downstream floodplain areas need more
investigation. Concentrations of cop-
per in the tailings sediments substan-

“tially exceed the 100 to 125 ppm level

considered to be toxic to plants, and
lead is near the toxic threshold of 100 to
400 ppm.

Informal observation suggests that
vegetation has not responded consis-
tently to the oxidized sediments. Some
of the drier sites where the oxidized
sediment is at the surface are very
sparsely vegetated with grass or
unvegetated, whereas nearby sites on
unoxidized sediment have greater grass
cover. However, other sites on the
oxidized sedimentare heavily vegetated
with grass, forbs, willows, and conifers

)



Renee Evano

ABSAROKA // /// //// //r/

7

7
YN Proposed New World Mine Site
Plhae Sin % Permit Boundary
HEGC 1
R Taﬂm&s Empoundment
Coungy Road 4%7\;&%%6‘,’ “ Work Camp
///7//////// Z/.’_/é’é?
4674 Q
Ry }c"i‘
g::| Choke City © DY /77///
N e W Mcla [
i eCrack ]\;iner'e;:xilings @ \ i/é
NATIONAL Silver\lGate 4 *b° /
Mogtana . . T 3 E L
@)  PARK N R NN N /Z/M
(< 53 NORT HY \ o {;
i N SA%Q\K&\ N
ol 3 ERN
3 ‘S& \.
¥ 3
# :\\\‘\““}‘“-’ = £

X

Z

D

¥/, WILDERNES

\(// S
\Z
Z
¢

2

The area just northeast of Yellowstone
above, north of Cooke City, Montana.

(including site S6, with 1,200 pprn cop-
per).

Copper is highly toxic to aquatic Jife;
indeed, copper sulfate has long been
used to kill off unwanted plants and
fishes in ponds. However, the amount
of copper that may be entering Soda
Butte Creek through the floodplain
tailings deposits is unknown. Never-
theless, there is cause for concern, be-
cause 1) concentrations of copper in the
oxidized sediments are quite elevated,
and in the upper drainage, are nearly as
high as in the tailings themselves; 2)
there are indications of acidic condi-
tions and strong leaching in the oxi-
dized sediments; and 3) shallow
groundwater flows through many of the
tailings-contaminated areas before dis-
charging into Soda Butte Creek.

Also, subsequent floods will pick up
the tailings-contaminated sediments
from the floodplain, possibly causing
toxic concentrations of metals in Soda
Butte Creek.

The threat to the ecological health of
Soda Butte Creek through leaching of
the intact mine tailings above Cooke

1§

Park, including the headwaters of Soda Butte Creek and the site of the McLaren
tailings, are currently the focus of debate

surrounding a new mine, whose proposed site and tailing impoundment are shown

City has been well known for many
years. This study suggests thata second
source of poilution, in the form of con-
taminated sediments spread down the
drainage, may pose an additional threat.
Contamination from eroded tailings
exists within many streams in historic
mining areas of the western United
States; the upper Clarks Fork of the
Columbia River below Butte, Montana,
is an example of severe and continuing
problems stemming from tailings sedi-
ment pollution. Once this fine toxic

sediment is distributed broadly over -

floodplain areas, it becomes very diffi-
cult and expensive to remove or treat.
Though considerable reclamation
work has been completed at the McLaren
tailings site, the main tailings pile s still
not completely safeguarded against
flood erosion. To mine developers,
valley floors present attractive and eco-
nomical sites for tailings disposal;
however, these sites are inherently sub-
ject to the ravages of infrequent but
inevitable major flood events, particu-
farly in a dynamic mountain environ-
ment such as the Cooke City area.

Typically, tailings remain hazardous
long after mine operation ceases, at
least for hundreds of years. Even where
drainage systems have been properly
engineered to prevent erosion, contin-
ned maintenance is required. Present
mining laws do not provide for mitiga-
tion of such long-term problems. The
Soda Butte Creek example underscores
the need for careful consideration of the
impacts of mine development, especially
where other, hlgher values of the land
and its resources may be at stake.

The report from which this article was
derived, “Mine tailings sediment con-
tamination in the Soda Butte Creek
drainage, Montana and Wyoming,” by
Grant Meyer, is now in preparation for
publication. Grant's research on fire
and climate history in northeastern Yel-
lowstone National Park is more com-
pletely described in his 1993 Ph.D. dis-
sertation, “Holocene and Modern
Geomorphic Response to Forest Fires
and Climate Change in Yellowstone
National Park” (University of New
Mexico).
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The 1988 Fires and
- Yellowstone’s Large Lakes

Monitoring

the impacts of landscape-

£

scale fires

S

- by Richard G. Lathrop Jr.

“The fires that burned the greater
Yellowstone area (GYA) during the
summer of 1988 were the largest ever
recorded for thatarea. The intensity and
scope of the 1988 fires prompted great
concern over the impacts on the area’s
natural ecosystems and wildlife. In
addition to its obvious direct effects on
forest ecosystems, fire can have pro-
found indirect effects on aquatic eco-
systems.

Fire may free nutrients (for example,
nitrogen, phosphorus and cations: cal-
cium, magnesium, potassium, and so-
dium) otherwise immobilized in bio-
mass or soils, and increases the release
of ions and nutrients from the uplands to
downstream aquatic ecosystems. Until
postfire vegetation is sufficiently es-
tablished, the reduction in canopy cover
canresultin increased sediment erosion
and runoff. As postfire monitoring in
the GY A by the National Park Service,
. USDA. Forest Service and others has
demonstrated, a number of stream and
river systems have experienced dramatic
pulses of sediment and nutrients during
the spring freshet period or following
summer thunderstorm events. The
Yellowstone River ran black as ink
several times during the summerof 1989.

Lakes, in their role as a hydrological
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collection basin, act to integrate (but
also dilute) the inputs from upland wa-
tersheds. Thus, fire impacts on lakes
might be expected to be more subtle but
also longer-term, as compared to stream
systems. Stemming from my interestin
the linkages between terrestrial and lake/

coastal systems, [ wanted to investigate
the impacts of the 1988 fires on the

_water quality of the area’s large lakes.

The extreme severity of the summer of
1988 fire season presented a unique
natural experiment: an opportunity to

-examine land-water linkages for sev-

-
.‘

The watersheds of Yellowstone's four largest lakes were burned (shaded areqs)
to varying degrees in 1988. Map by the Branch of Resource Technology.



eral coupled watershed-lake basins.

Three of Yellowstone’'s four large
lakes (Yellowstone, Shoshone, Lewis,
and Heart, in order of size) had signifi-
cant portions of their drainages burned
during the [988 fires. Twenty five
percent of the Yellowstone Lake wa-
tershed, 26 percent of the Lewis Lake,
and 52 percent of Heart Lake water-
sheds were affected by the fires to some
degree (based on information derived
from the Yellowstone National Park
geographic information system). Jack-
son Lake in Grand Teton National Park
had 26 percent of its watershed burned.

The basic question I was interested in
was whether there was a significant
change in lake water quality subsequent
tothe 1988 fires. To adequately answer
this question, | needed to compare wa-
ter quality data from before and after the
event. Finding such data is often diffi-
cult, especially in remote areas such as
the GYA. Luckily the U.S. Fish and
Wildlife Service (USFWS) and the
National Park Service have been con-
ducting a water quality monitoring
program for Yellowstone’s four major
lakes since the mid to late 1970s. This
monitoring program halted in 1985 due
to a shortage of funds, but resumed in
1989 with systematic sampling of Yel-
lowstone and Lewis Lakes (funding as
well as accessibility constraints have
precluded a regular sampling program
on Shoshone and Heart Lakes).

Unfortunately, there is no similar
monitoring program on Jackson Lake.
Menitoring is a thankless job but the
forethought and perseverance of the
USFWS, in particular Ron Jones, Bob
Gresswell, and Dan Carty, and their
willingness to share the data is greatly
appreciated.

Water quality, a somewhat ambigu-
ous term, is generally defined as the
chemical, physical, and biological
condition of water related to beneficial
use by humans, or more appropriately
in the case of Yellowstone National
Park, by wildlife. The USFWS lake
water quality monitoring program has
consisted of a series of measurements.

A “temperature profile” is compiled
that gives the water temperature at
various depths. Water trunsparency is
measured with a “Secchi disk.” a metal
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or plastic disk painted black and white,
whaose visibility at various depths indi-
cates how much suspended or dissolved
(but colored) material is in the water
column. Several simple waterchemistry
parameters are measured directly in the
field, such as conductivity, which gives
an index of the dissolved mineral con-
centration and pH, which is a measure
of acidity. Water samples are taken and
sent to a commercial laboratory for
analysis. More than 30 chemical pa-

rameters are measured,
Richard Lathrop Jr,

USFWS netting plankton during water
quality sampling on Yellowstone Lake.

If large amounts of dissolved ions
{positively ornegatively charged atoms)
were being leached from the bumed
portions of the upland watershed, then
there might be a measurable increase in
the ionic content of the lake’s waters.
Based on previous research, I selected
several parameters for detailed analysis.
Specific conductivity, pH, total dis-
solved solids (anotherindex of dissolved
mineral or ionic content), and total
hardness were evaluated as general in-
dicators of water chemical quality. In
addition, specific dissolved ions found
to have increased due to fire distur-
bance in other studies were analyzed:;
calcium (Ca), magnesium (Mg), sodium
(Na}, potassium (K), chlorine (Cl) and
sulfate (5O,). The USFWS long-term
monitoring program provided critical
baseline data on the prefire status, which
I compared using various statistical
techniques to the posttire period.

Compuarison of the prefire and postfire

water quality data sets showed that there
has been some measurable change in
the water quality of Yellowstone's ma-
jorlakes. Secchidisk transparency, Ca,
Ci, and SO, have generally all de-
creased. Conduclivity, pH, total dis-
solved solids, Na, and K have generally
increased.

However, due to the great intra- and
inter-annual variability that naturally
occurs in the measured parameters, only
several parameters show statistically
significant differences. For example,
conductivity and pH increased (as might
be expected from postfire inputs) sig-
nificantly so at only two of the four
stations. Caand SO, concentrations have
significantly decreased for all of Yel-
lowstone Lake stations. Ca has signifi-
cantly decreased in Lewis Lake (but not
SO,). Based on a number of stream
water quality-fire impact studies, [ ex-
pected Ca and SO, to increase, not de-
crease as was found.

As with many other complex envi-
ronmental systems, it is hard to defini-
tively link cause and effect with strictly
observational data. Several other envi-
ronmental processes have a potential
role in determining lake water quality.
For example, nutrients and chemical
ions are present in the atmosphere and
may be deposited directly to the lake’s
surface in precipitation.

Analysis of the atmospheric deposi-
tion data from the National Atmospheric
Deposition Program (NADP) sampling
station located at Tower Falis (in Yel-
lowstone National Park) provides an
alternative explanation of some of the
observed changes in water quality. The
NADP data showed a decrease in con-
centrations of Ca, SO, and an increase
in pH during the same time period. This
mirrored the trends found in the lake
water quality record. '

Thus the measured changes in the
water chemistry of Yellowstone’s ma-
jor lakes may be due to changes in
atmospheric deposition rather than in-
creased fire-related inputs from the up-
land watersheds. The significant but
variable inputs from Yellowstone Lake’s
hydrothermal springs or other nearby
geothermal features may also have a
major impact on water quality, as sug-
gested by Val Klump of the University
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of Wisconsin-Milwaukee.

Further complicating the issue has
beenthechange infisheries management
policy since the 1970s, which has re-
sulted inan increase in the top predatory
fish, Yellowstone cutthroat trout. Re-
search on other large lake systems has
suggested that fish populations have
" “cascading” impacts on lake trophic
state and water quality through the “top-
down” or biological control of lake pro-
ductivity.

An obvious weakness in my study
has been the lack of a nutrient or chem-
istry budget detailing the magnitudes of
the inputs and cutputs to the lake. Con-
crete data on the direct input of sedi-
ment and nutrients from the tributaries

to Yellowstone’s major lakes was not -

available. I am unable to say whether
the direct input of dissolved ions from
streamwater increased or not,

Other postfire studies do provide some
evidence that the fires did increase the
influx of sediment and nutrients to the
park’s aquatic ecosystems. Sampling
of stream waler chemistry in the Silvertip

Watershed Monitoring Project in the

adjacent Shoshone National Forest has
shown significantincreases in sediment,
potassium, silica, total phosphorus, and
specific conductance for a heavily
burned watershed.

Other stream sampling work, con-
ducted by James Brass and Paul Sebesta
of the NASA-AMES Research Center
and. Philip Riggan of the USDA Forest
Service-Riverside Fire Lab in northern
Yellowstone shows heavy pulses of
sediment and nutrients from fire-im-
pacted watersheds. My analysisofU.S.
Geological Survey (USGS) monitoring
data for Flagg Ranch on the Upper Snake
River (which drains the Shoshone,
Lewis, and Heart Lakes’ watersheds)
shows large pulses of total phosphorus
and total nitrogen following the 1988
fires (as compared to 1988 data, the
only year of prefire data available).
However, there has been little to no
change in specific conductance or con-
centrations of ions.

Asg an additional source of environ-
mental monitoring information, I used
satellite imagery to give a different per-
spective. My previous research,-in the
Great Lakes, has shown that the big-

' Fall 1993

Landsat The-
matic Mapper
image of Jack-
son Lake, cali-
brated to dis-
play suspended
sediment con-
centration. Note
the plume of
turbid Snake
River water ex-
tending down
the western side
of Jackson Lake.

picture view provided by satellite re-
mote sensing systems make them a use-
ful tool in monitoring large lake sys-
tems. Specifically, I have used remote
sensing scanners to measure the changes
in a lake’s water color due to influx and
dispersal of turbid river plumes. Landsat
Thematic Mapper imagery takenin June
of 1989, show relatively small plumes
of turbid water, in this case due to high
suspended-sediment loads, where Peli-
can Creek and the Upper Yellowstone
River enter Yellowstone Lake. The
water color (transparency) of the vast
majority of the Ilake remained unaf-
fected. :
The turbidity plume in Jackson Lake
caused by the Snake River is much
more dramatic. During the height of the
first spring runoff after the 1988 fires,
the satellite imagery (June 7, 1989)
shows the river plume with higher con-
centrations of suspended sediment
(confirmed by simultaneous lake water
sampling) extends two-thirds of the
length of Jackson Lake. Comparison of
satellite imagery from the prefire (1987
and 1988) with the postfire (1989 and

1990) period shows that the Snake River
plume, a normal occurrence during the
spring freshet period, was enhanced in
the postfire period. This interpretation
is supported by analysis of USGS moni-
toring data for the Snake River (from
Flagg Ranch, approximately five miles,
or 8km, upstream of Jackson Lake)
which shows large pulses of suspended
sediment following the 1988 fires (as
compared to 1988 data, the only year of
prefire data available).

Overall, the measured effects for
Yellowstone and Lewis Lakes are quite
subtle, and do not qualify as a gross or
major shift in water quality. Three
years of postfire data was deemed suf-
ficient to show initial impacts on lake
water quality. However, many burned
areas have not fully revegetated and
nutrient export from the uplands is likely
stitt occurring. Longer-term effects are
still possible. Due to the large volume
of Yellowstone Lake and its long water
renewal time (the time it takes for the
entire lake to be replaced by new water,
inthis case approximately 10 years), the
maximum effect may tag behind maxi-
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The graphs above show water transparency for two monitoring stations on Yellowstone Lake. Water quality is measured
using a Secchi Disk, as described in the text on page 8. Notice that the depth at which the disk remains visible varies
considerably, both in a given year and from year to year (greater depth of visibility means higher transparency of the water).
Note also that the prefire and postfire measurements greatly overlap in range.

This is typical of natural lake dynamics.

mum yield from the stream inputs by
several years.

In addition, there may be more subtle
effects that have not been detected by
either the sensitivity of the existing lake
water quality monitoring program or
the statistical techniques used in this
analysis. The postfire sampling pro-
gram was restricted to using the same
monitoring strategy, both parameters
measured and techniques used, to be
consistent with the prefire sampling
program. Analysis of preserved phyto-
plankton samples (part of the USFWS
monitoring program) to examine
changes in the assemblages of phyto-
plankton species might show more
subtle impacts of the fire on the lake’s
biota; work along this fine is being un-
dertaken by Edward Theriot of the
Philadelphia Academy of Natural Sci-
ences. )

Jackson Lake appears to be receiving
a higher input of suspended sediment
but the consequences on the fake sys-
tem are unknown because of the lack of
systematic prefire and postfire monitor-
ing data. Compared to Yellowstone
Lake. Jackson Lake has a much larger

10

watershed area in comparison to its vol-
ume; therefore it has less capability to
dilute increased inputs from the land
surface. With its shorter water renewal
time (approximately three years), Jack-
son Lake should respond more quickly
to events such as fire disturbance in its
watershed. Conversely, a shorter water
renewal rate also means that any in-
creased inputs are flushed from the lake
at a faster rate.

In 1982, William Romme of Fort
Lewis College and Dennis Knight of
the University of Wyoming first hy-
pothesized that Yellowstone Lake pro-
ductivity is to some extent synchro-
nized with the long-term fire cycle (on
the order of 200-300 years) that seems
to prevail in the lake’s watershed. My
study has not necessarily disproven the
hypothesis put forward by Romme-and
Knight, but does cast some doubt. At
leastin the short-term, Yellowstone and
Lewis Lakes appear to be relatively
unaffected by fire disturbance of ap-
proximately a quarter of their water-
shed.

The large size of these lakes in com-
parison to their watersheds appears 1o

be diluting the effect of any increased
inputs. Therelative importance of land-
water interactions in affecting the pro-
ductivity and water quality of
Yellowstone’s large lakes must be
viewed in the context of a multitude of
other factors, such as changing climate,
atmospheric deposition, hydrothermal
inputs, and even fisheries policy through
the “top-down” or biological contro] of
lake productivity.

From the perspective of an environ-
mental scientist (someone often look-
ing for bad news), my results (or lack of
results) may be construed as disap-
pointing. In other words, the 1988 fires
didn’t have any major impacts on
Yellowstone’s lakes. Onthe otherhand,
from the perspective of someone who
treasures pristine subalpine lakes, my
results are good news. Yellowstone’s
major lakes have weathered the fires
pretty much intact.

Richard Lathrop, Jr., an Assistant Pro-

fessor in the Department of Natural
Resources at Rutgery University, New
Brunswick, New Jersev, has studied
Yellowstone lakes for several yvears.
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